We determined the diphtheria toxin phenotype of specially selected isolates of Corynebacterium ulcerans and Corynebacterium pseudotuberculosis (C. ovis). All produced proteins similar in size and immunological structure to diphtheria toxin. As with diphtheria toxin, they exhibited ADP-ribosylating activity, and their synthesis was regulated by iron.
Diphtheria toxin (DT), produced by Corynebacterium diphtheriae, is also produced by many natural isolates of Corynebacterium ulcerans and by at least a few of Corynebacterium pseudotuberculosis (13) . Recently, we have tested strains of these species for DT production by the Elek test and found that two C. ulcerans strains of particular interest, 378 from Wales and ATCC 9015, which had been reported as DT negative were positive in our tests. In 1974, Souckova and Soucek (17) reported that C. ulcerans ATCC 9015 produced a lethal toxin that caused pathology similar to that caused by DT but was not neutralized by diphtheria antitoxin (anti-DT). Vertiev et al. (18, 19) went on to report that the toxic moiety was a 40-kilodalton (kd) protein immunologically unrelated to DT and that a nontoxic antigen of 84 kd producing a line of precipitation with anti-DT exhibited no identity with DT. In a second interesting report, Abrehem and Zamiri (1) observed that their isolates of C. ulcerans 378 produced a lethal, toxic protein of 13 to 15 kd which caused pathological changes similar to DT and was neutralized by anti-DT. A 62-kd DT was not found.
Because of the type culture designation of C. ulcerans ATCC 9015 and the unusual characteristics reported for C. ulcerans 378, we undertook to establish the DT phenotype of these organisms in an unequivocal manner. Since DT production by most strains of C. pseudotuberculosis is uncommon (13), we included the one positive organism in our collection as well (Table 1) . By using DNA probes for both the A and B fragments of DT (9), we have found that all of these strains hybridize to both of the probes under conditions of high stringency. Thus, our tests show that they are genotypically tox+ and phenotypically DT positive. As is apparent from the work of Vertiev et al. (18, 19) , the key to determining the DT phenotype of an organism by in vitro methods is the "purity" of the antitoxin (anti-DT) employed. In the present study, we used a goat anti-DT generously supplied by R. K. Holmes, Uniformed Services University of the Health Sciences, Bethesda, Md. The DT antigen was purified by DEAE-Sephadex chromatography and then inactivated before being used in immunization.
Western blots (4) were made of culture supernatants of organisms grown overnight in deferrated Casamino Acidsyeast extract broth (16) and concentrated 100-fold between 40 and 70% saturated ammonium sulfate precipitation at 4°C for 24 h. The proteins (100 ,ug of each precipitate) were separated electrophoretically by size in 12.5% polyacryl-* Corresponding author.
amide gel in the presence of sodium dodecyl sulfate (SDS) (11) . After SDS-polyacrylamide gel electrophoresis, proteins were electrophoretically transferred to a nitrocellulose membrane for 18 h at 100 mA. Goat anti-DT of 10 U/ml from R. K. Holmes was added, and then protein A of Staphylococcus aureus (1 mg; Pharmacia Fine Chemicals) labeled with 125I (12) was added to detect immunocomplexes. An autoradiograph ( Fig. 1) showed that C. ulcerans ATCC 9015 from both sources, C. ulcerans 378, and C. pseudotuberculosis 992 all produced a 62-kd protein immunologically similar to DT. Smaller proteins reacting with anti-DT were produced by some strains and were probably degradation products of the 62-kd protein. Their presence was strain dependent and varied from preparation to preparation. Variation in the degradation of DT by bacterial protease(s) is well documented (8) . Cross-reactive proteins were not detected when these strains were grown in the presence of 8 ,ug of Fe2+ per ml (data not shown), indicating that their production was regulated by iron as is DT production in C. diphtheriae (15) .
The concentrated culture supernatants of the C. ulcerans and C. pseudotuberculosis strains were assayed for ADPribosylating activity characteristic of DT (15) . All strains produced the activity (Table 2 , column C) when grown in deferrated broth. Activity was drastically reduced when iron was present. These results were consistent with the Western blot data. To determine whether EF-2 was indeed ADP ribosylated, the reactioh mixtures were subjected to SDSpolyacrylamide gel electrophoresis and fluorographed (6) . In each case, a 100-kd protein was labeled (data not shown) indicating that EF-2 was the common target. To determine whether the 62-kd cross-reacting proteins had ADP-ribosylating activity, they were separated by SDS-polyacrylamide gel electrophoresis and eluted from gel slices after aligning to Coomassie blue (8) and KCl-stained marker gels (10). Although the level of recovery was low, ADP-ribosylating activity was detected in these proteins (Table 2 , column D), whereas no activity was observed in culture supernatants from cells grown in the presence of 8 ,ug of Fe + per ml. Thus, all the C. ulcerans isolates and the C. pseudotuberculosis isolate produced a protein similar in size, immunological structure, enzymatic activity, and substrate specificity to DT. The failure of other investigators (1, 18, 19) to detect DT production by the C. ulcerans strains is unexplained but might have been due to excess iron in the growth medium.
What of the toxic activities in these cultures of C. ulcerans reported by other laboratories? The lethal toxin as described by Vertiev et al. (19) In the negative controls in which 10 mM Tris buffer (pH 8) was used instead of DT or EF-2, the background count was 200 cpm. b A 75-,ul amount of each 100-fold concentrated culture was assayed.
c Proteins (100 ,ug) in each 100-fold concentrated culture supernatant were subjected to SDS-polyacrylamide gel electrophoresis. Gel slices containing 62-kd proteins were excised and eluted, and the eluates were assayed for ADP-ribosylating activity. 
